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(54) Radio communication terminal station 

(57) The present invention relates to a radio com- 
munication terminal station, comprising demodulating 
means for receiving a digital modulation signal and gen- 
erating a reproduction carrier wave and a reproduction 
clock signal, an oscillator having a frequency control 
function, an automatic frequency controlling means for 
controlling the frequency of an oscillation signal of the 
oscillator with reference to the reproduction carrier 
wave, a frequency divider for dividing the frequency of 



an output signal of the oscillator and outputting a recep- 
tion clock signal and a transmission clock signal, a 
phase comparator for comparing the phase of the re- 
ception clock signal that is the output signal of the fre- 
quency divider with the phase of the reproduction clock 
signal and outputting a phase difference signal, and a 
frequency dividing controller for controlling the frequen- 
cy dividing ratio of the frequency divider corresponding 
to the phase difference signal. 
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Description 

The present invention relates to a radio communi- 
cation terminal station, in particular, to a system for con- 
trolling transmission/reception clocks and a synthesizer 
of a digital communication terminal station. 

As a demodulation synchronous controlling method 
for use with a radio communication system that commu- 
nicates between a base station (parent station) and a 
terminal station (child station), a radio communication 
terminal station using a clock on the base station side 
is known. Fig. 7 is a block diagram showing a structure 
of such a radio communication terminal station. Next, 
the structure of the radio communication terminal station 
will be described. 

In Fig. 7, a reception terminal 21 , a mixer 22, a de- 
modulator 23, and a reception data output terminal 24 
form a receiving portion. A transmission data terminal 
34, a modulator 33, a mixer 32, and an output terminal 
31 form a transmitting portion. TCXOs (Temperature 
Compensated crystal Oscillators) 27 and 28 are oscilla- 
tors with voltage control function. An AFC 26 is an au- 
tomatic frequency controlling circuit. The AFC 26 con- 
trols the frequency of the TCXO 27. The TCXO 27 con- 
trols a synthesizer circuit 25. The synthesizer circuit 25 
has a local transmission/reception oscillator and a 
phase comparator. The synthesizer circuit 25 compares 
the phase of a frequency divided signal that is an output 
signal of the local oscillator with the phase of a frequen- 
cy divided signal that is an output signal of the TCXO 
27 with a voltage control function and controls the local 
oscillator corresponding to the phase difference. 

The radio communication terminal station receives 
a signal from a base station, reproduces a clock signal 
with the demodulator 23, and automatically controls the 
frequency of the TCXO 27 with reference to the repro- 
duced clock signal. Since the output signal of the oscil- 
lator 27 is used as a reference clock signal of the trans- 
mission/ reception synthesizer, the frequency of the out- 
put signal of the local oscillator in the synthesizer is ac- 
curately maintained and thereby the synthesizer is high- 
ly stabilized. This structure is disclosed in for example 
Japanese Patent Laid-Open Publication No. 2-248137. 

In the above-described conventional terminal sta- 
tion apparatus, when the frequency of the transmission 
clock signal of the base station is highly stabilized, the 
frequency of the local transmission/reception oscillator 
is controlled so as to highly stabilize the operation of the 
synthesizer without need to use a highly stable-crystal 
oscillator with a thermostatic bath on the terminal station 
side. 

However, in the terminal station apparatus, stable 
maintainance of the frequency of the transmission clock 
signal is not considered, thus, as the TCXO 28, a crystal 
oscillator with high stability is required. Consequently, 
the conventional terminal station apparatus has prob- 
lems with size reduction, power reduction, and cost re- 
duction. 



An object of at least the preferred embodiments of 
the present invention is to provide a radio communica- 
tion terminal station that allows the frequencies of a re- 
ception clock signal and a transmission clock signal to 
5 be highly stabilized without the need of a crystal oscil- 
lator with high reliability. 

Another such object is to provide a radio communi- 
cation terminal station apparatus that uses a carrier fre- 
quency and a clock frequency of a highly stable trans- 
jo mission wave of a base station so as to remarkably sup- 
press jitter of a reception clock signal and a transmission 
signal. 

A further such object is to provide a radio commu- 
nication terminal station that allows a transmission clock 
is signal and the frequency of a synthesizer to be stable 
as with a carrier frequency of a transmission wave of a 
base station. 

Accordingly, the present invention provides a radio 
communication terminal station, comprising: 

20 

demodulating means for receiving a digital modula- 
tion signal and generating a reproduction carrier 
wave and a reproduction clock signal; 
an oscillator having a frequency control function; 
25 means for controlling the frequency of an oscillation 
signal of said oscillator with reference to the repro- 
duction carrier wave; 

means for dividing the frequency of an output signal 
of said oscillator and outputting a reception clock 

30 signal and a transmission clock signal; 

means for comparing the phase of the reception 
clock signal that is the output signal of said frequen- 
cy dividing means with the phase of the reproduc- 
tion clock signal and outputting a phase difference 

35 signal; and 

means for controlling the frequency dividing ratio of 
said frequency dividing means corresponding to the 
phase difference signal. 

40 Preferably, the station further comprises means for 
converting a reception signal modulated with a digital 
signal into an intermediate frequency signal or a base 
band signal, the demodulating means receiving an out- 
put signal thereof; and 

45 

a synthesizer for receiving an output signal of the 
oscillator and outputting a reference signal; 
wherein the converting means is adapted for con- 
verting the reception signal into the intermediate 
50 frequency signal or the base band signal corre- 
sponding to the output signal of the synthesizer. 

In a first preferred embodiment of the present inven- 
tion, a radio communication terminal station comprises 
55 demodulating means for receiving a digital modulation 
signal and generating a reproduction carrier wave and 
a reproduction clock signal, an oscillator having a fre- 
quency control function, an automatic frequency con- 
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trolling means for controlling the frequency of an oscil- 
lation signal of the oscillator having the frequency con- 
trol function with reference to the reproduction carrier 
wave, a frequency divider for dividing the frequency of 
an output signal of the oscillator having the frequency s 
control function and outputting a reception clock signal 
and a transmission clock signal, a phase comparator for 
comparing the phase of the reception clock signal that 
is the output signal of the frequency divider with the 
phase of the reproduction clock signal and outputting a 
phase difference signal, and a frequency dividing con- 
troller for controlling the frequency dividing ratio of the 
frequency divider corresponding to the phase difference 
signal. In a second preferred embodiment of the present 
invention, a radio communication terminal station com- 
prises a mixer means for converting a reception signal 
modulated with a digital signal into an intermediate fre- 
quency signal or a base band signal, a demodulating 
means for receiving an output signal of the mixer means 
and generating a reproduction carrier wave and a repro- 
duction clock signal, an oscillator having a frequency 
control function, an automatic frequency controlling 
means for controlling the frequency of an oscillation sig- 
nal of the oscillator having the frequency control function 
corresponding to the reproduction carrier wave, a syn- 
thesizer for receiving an output signal of the oscillator 
and outputting a reference signal, a frequency divider 
for dividing the frequency of the output signal of the os- 
cillator and outputting a reception clock signal and a 
transmission clock signal, a phase comparator for com- 
paring the phase of the reception clock signal that is the 
output signal of the frequency divider with the phase of 
the reproduction clock signal and outputting a phase dif- 
ference signal, and a frequency dividing controller for 
controlling the frequency dividing ratio of the frequency 
divider corresponding to the phase difference signal, 
wherein the mixer means is adapted for converting the 
reception signal into the intermediate frequency signal 
or the base band signal corresponding to the output sig- 
nal of the synthesizer. 

In each of the first and second preferred embodi- 
ments of the present invention, the receiving terminal 
has one of the following means. 

1 . The frequency divider comprises a first frequency 
divider portion for dividing the frequency of the out- 
put signal of the oscillator and outputting a signal of 
a integral number time frequency of the reception 
clock signal, a second frequency divider portion for 
compensating the phase of the reception clock sig- 
nal, and a third frequency divider portion for dividing 
the frequencies of output signals of the first frequen- 
cy divider portion and the second frequency divider 
portion and outputting at least the reception clock 
signal. The frequency dividing controller is adapted 
for switching and controlling the first frequency di- 
vider portion and the second frequency divider por- 
tion corresponding to the phase difference signal. 



2. The first frequency divider portion comprises a 
plurality of frequency dividers with different frequen- 
cy dividing ratios. The frequency dividing controller 
is adapted for switching among the plurality of fre- 
quency divider portions. The second frequency di- 
vider portion is composed of a plurality of frequency 
divider members with different frequency dividing 
ratios. The frequency dividing controller is adapted 
for selecting one of the plurality of frequency divider 
members corresponding to the phase difference 
signal and adjusting the phase. 

3. The frequency divider further comprises a fourth 
frequency divider for dividing the frequency of the 
output signal of the first frequency divider portion or 
the frequency of the output signal of the oscillator 
and outputting the transmission clock signal. 

4. The radio communication terminal station further 
comprising a modulator for receiving transmission 
data and modulating the transmission data with the 
transmission clock signal and a second mixer 
means for converting the frequency of the output 
signal of the modulator with the output signal of the 
synthesizer and outputting a resultant signal. 

In the radio communication system having a base 
station and a terminal station, when the stability of the 
frequency of a transmission carrier wave of the base sta- 
tion is satisfactorily high, the frequency of the oscillator 
with frequency control function controlled by an AFC 
that uses a reproduction carrier signal of the communi- 
cation terminal station as a reference signal can be high- 
ly stabilized. 

Since the output signal of the oscillator with fre- 
quency control function is used as a reference clock of 
the transmission/reception synthesizer, the accuracy of 
the output frequency of the synthesizer can be highly 
maintained. 

The reception clock signal and the transmission 
clock signal of the communication terminal station are 
generated by the frequency divider that divides the out- 
put signal of the oscillator with frequency control func- 
tion. By comparing the phase of the output signal of the 
frequency divider with the phase of the reproduction 
clock signal and controlling the frequency dividing ratio, 
the frequency and the phase of the reception clock sig- 
nal can be highly accurately synchronized with those of 
the reproduction clock signal. 

In a system that requires that the transmission clock 
signal should synchronize with the reception clock sig- 
nal, the transmission clock signal is generated as with 
the reception clock signal. Thus, the same stability as 
the clock signal of the base station can be accom- 
plished. 

In a system that does not require that the transmis- 
sion clock signal should synchronize with the reception 
clock signal, when the frequency of the oscillator is di- 
vided by the frequency divider without reference of the 
output signal of the phase comparator, the same stability 
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as the carrier wave of the base station can be accom- 
plished on the frequency divider. 

Preferred features of the present invention will now 
be described, purely by way of example only with ref- 
erence to the accompanying drawings in which:- 

Fig. 1 is a block diagram showing a structure of a 
radio communication terminal station according to 
an embodiment of the present invention; 
Fig. 2 is a block diagram showing a structure of a 
frequency divider used in the radio communication 
terminal station according to an embodiment of the 
present invention; 

Fig. 3 is a block diagram showing another structure 
of a frequency divider used in the radio communi- 
cation terminal station according to an embodiment 
of the present invention; 

Fig. 4 is a flow chart of a frequency dividing control- 
ler used in the radio communication terminal station 
according to an embodiment of the present inven- 
tion; 

Fig. 5 is a block diagram showing real examples of 
a frequency divider and a frequency controller used 
in the radio communication terminal station accord- 
ing to an embodiment of the present invention; 
Fig. 6 is a flow chart of a frequency controller used 
in the radio communication terminal station accord- 
ing to an embodiment of the present invention; and 
Fig. 7 is a block diagram showing a structure of a 
conventional radio communication station. 

The present invention will be described with refer- 
ence to the accompanying drawings. Fig. 1 is a block 
diagram showing a radio communication terminal sta- 
tion according to the present invention. A receiving por- 
tion of the radio communication terminal station com- 
prises an input terminal 1 , a synthesizer 3, at least one 
stage mixer 2, a demodulator 4, a temperature compen- 
sated crystal oscillator (TCXO) 7, an automatic frequen- 
cy controller (AFC) 6, a frequency divider 8, a phase 
comparator 14, and a frequency dividing controller 9. A 
transmission signal of a base station is received from 
the input terminal 1 . The synthesizer 3 outputs a local 
oscillation signal. The mixer 2 converts a reception sig- 
nal to a intermediate frequency signal or a data base 
signal corresponding to the local oscillation signal. The 
demodulator 4 has an output terminal 5 from which de- 
modulation data is output. The TCXO 7 has a voltage 
control function. The AFC(Automatic Frequency Con- 
trol) 6 controls the TCXO 7 with a reproduction carrier 
wave -received from the demodulator 4. The frequency 
divider 8 divides the frequency of the output signal of 
the TCXO 7 and outputs a reception clock signal and a 
transmission clock signal. The phase comparator 14 
compares the phase of the reproduction clock signal re- 
ceived from the demodulator 4 with the phase of the re- 
ception clock signal. The frequency dividing controller 9 
receives phase difference information from the phase 



comparator 1 4 and controls the frequency divider 8 cor- 
responding to the phase difference information. The 
mixer 2 outputs an intermediate frequency signal. Alter- 
natively, a plurality of stage mixers are disposed in the 

5 mixer 2. The last stage mixer performs a semi-synchro- 
nous detection and outputs a base band signal. 

The synthesizer circuit 3 comprises a voltage con- 
trol type local oscillator, a phase comparator, and a fre- 
quency divider for use with a transmission/reception 

io mixer 2 and 1 2. The synthesizer circuit 3 has a PLL cir- 
cuit structure that controls the local oscillator corre- 
sponding to a phase difference between the phase of 
the output signal of the local oscillator or the phase of a 
frequency divided signal thereof and the phase of a fre- 

is quency divided signal of the output signal of the TCXO 
7 with the voltage control function. 

A transmitting portion of the radio communication 
terminal station comprises an input terminal 11 , a mod- 
ulator 10, a mixer 12, and an output terminal 13. Trans- 

20 mission data is received from the input terminal 11 . The 
modulator 10 modulates the transmission data with the 
transmission clock signal of the frequency divider 8. The 
mixer 12 converts the frequency of the modulation out- 
put signal with the transmission local oscillation signal 

25 of the synthesizer 3. The output terminal 1 3 outputs the 
modlation wave signal to, for example, an antenna ter- 
minals 

Next, the operation of the radio communication ter- 
minal station shown in Fig. 1 will be described. 
30 in the radio terminal station shown in Fig. 1 , a trans- 
mission signal of a base station is received from the in- 
put terminal 1 . The mixer 2 converts the input signal into 
an intermediate frequency signal or a base band signal 
corresponding to the output signal of the synthesizer 3. 
35 a reception antenna or a coaxial cable may be disposed 
before the input terminal 1 . Alternatively, a high frequen- 
cy amplifier may be disposed before the input terminal 1 . 

The demodulator 4 includes for example a phase 
synchronous circuit and a synchronous detecting circuit, 
40 which is a demodulating detector, and receives the in- 
termediate frequency signal or the base band signal. 
The synchronous detecting circuit detects the base 
band signal with the intermediate frequency signal 
through the synchronous detecting circuit and reproduc- 
es es and decodes the carrier signal and the clock signal 
with the base band signal. The demodulator 4 performs 
a retiming of demodulation data and outputs the demod- 
ulation data from the output terminal 5 corresponding to 
the reception clock signal. In addition, the demodulator 
50 4 outputs the reproduction carrier wave and the repro- 
duction clock. 

The AFC 6 receives the reproduction carrier wave 
from the demodulator 4, detects a frequency difference 
of the reproduction carrier wave and a output signal of 
55 the TCXO 7, and controls the TCXO 7 corresponding to 
the frequency difference. The synthesizer 3 receives as 
a reference clock signal the output signal of the TCXO 
7 and maintains the stability of the oscillation frequency 
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of the inner local oscillator with the PLL(Phase Locked 
Loop circuit) structure. 

The frequency divider 8 divides the frequency of the 
output signal of the TCXO 7 by a frequency dividing ratio 
designated by the frequency dividing controller 9 (that s 
will be described later) and outputs the reception clock 
signal and the transmission clock signal. 

The frequency divider 8 divides the frequency of the 
oscillation output signal of the TCXO 7 corresponding 
to the operation of the frequency dividing controller 9 so 
as to obtain desired transmission/reception clock sig- 
nals. The frequency divider 8 is generally a frequency 
divider with a non-integer frequency dividing ratio. 

The modulator 10 receives the transmission data 
from the input terminal 11 and the transmission clock 
signal from the frequency divider 8 and modulates the 
transmission data with the transmission clock signal. 
The mixer 12 multiplies the output signal of the modu- 
lator 10 by the output signal of the synthesizer 3, con- 
verts to a transmission frequency signal, and outputs a 
transmission signal with a transmission frequency to the 
output terminal 1 3. 

The phase comparator 14 compares the phase of 
the reproduction clock signal received from the demod- 
ulator 4 with the phase of the reception clocksignal used 
for a sampling clock signal of the demodulator 4 or the 
like, and output from the frequency divider 8, detects a 
phase difference, and outputs a phase difference infor- 
mation signal. The phase difference information signal 
is a difference signal representing that the phase differ- 
ence between the phase of the reproduction clock signal 
and the phase of the reception clock signal is zero in a 
predetermined phase relation corresponding to phase 
comparison characteristics of the phase comparator. 

The frequency dividing controller 9 controls the fre- 
quency dividing ratio of the frequency divider 8 so as to 
divide the frequency of the output signal of the TCXO 7 
and output the reception clock signal and the transmis- 
sion crock signal with desired frequencies. The frequen- 
cy dividing controller 9 properly controls the phase rela- 
tion between the phase of the output clock signal and 
the phase of the reproduction clock signal so that the 
frequency divider 8 varies the frequency dividing ratio 
corresponding to the phase difference information sig- 
nal received from the phase comparator 14, and com- 
pensates the phase of the reception clock signal of the 
frequency divider 8. 

Since the portion that processes the base band sig- 
nal performs a digital signal process and an over-sam- 
pling process that samples each symbol of a reception 
data several times, the frequency of the reception clock 
signal used is the frequency of which the frequency of 
a clock signal in the signal stage of the base band signal 
is multiplied by the number of times of the over-sampling 
operation. Thus, the frequency of the intermediate di- 
vided frequency output signal is selected as a frequency 
of a common multiple of the number of times of over- 
sampling of the frequency of the transmission clock sig- 



nal and the frequency of the reception clock signal. 

When the frequency of the output signal of the 
TCXO 7 is a integer multiple of the frequencies of the 
reception clock signal and the transmission clock signal, 
the frequency of the reception signal of the frequency 
divider 8 is divided at a fixed integer frequency dividing 
ratio on the base of a output signal of the frequency di- 
viding controller 9. However, normally, since the fre- 
quency of the output signal of the TCXO 7 is not a integer 
multiple of the frequencies of the reception clock signal 
and the transmission clock signal, a plurality of different 
integer frequency dividing ratios are periodically 
switched so that the average value of the frequencies 
of the output signal of the frequency divider 8 accords 
with the frequencies of the reception clock signal and 
the transmission clock signal. 

In the latter case, the frequency dividing ratio is 
switched between n and n+1 at a switching ratio of s to 
t. By dividing the frequency of the output signal of the 
TCXO 7 by a non-integer, as an average value, Fdiv is 
obtained. In this case, n, s, and t have the following re- 
lation. 

Fref / Fdiv = {s x n + 1 x (n+1 )] / (s+t) 

where Fref is the frequency of the output signal of the 
TCXO 7; Fdiv is the frequency of the output signal of the 
frequency divider 8; and n and n+1 are frequency divid- 
ing ratios. 

When the phase of the frequency of the divided fre- 
quency output signal of the frequency divider 8 has a 
delay against the phase of the frequency of the repro- 
duction clock signal, the frequency dividing controller 9 
designates the frequency dividing ratio to n-p so as to 
advance the phase of the frequency of the divided fre- 
quency output signal of the frequency divider 8. When 
the phase of the frequency of the divided frequency out- 
put signal of the frequency divider 8 has an advance- 
ment against the phase of the frequency of the repro- 
duction clock signal, the frequency dividing controller 9 
designates the frequency dividing ratio to n+q so as to 
delay the phase of the frequency of the divided frequen- 
cy output signal of the frequency divider 8. The values 
of p and q are designated corresponding to both clock 
jitter and the convergence time of the compensation of 
the above-described. 

Preferable values of the above -described variables 
are for example Fref = 1 2.8 MHz, Fdiv = 56 kHz, S = 3, 
n = 228, t= 4, p = 1 , and q = 1 . 

The frequency dividing controller 9 designates the 
frequencies of the reception clock signal and the trans- 
mission clock signal to desired values corresponding to 
the average value of the frequencies of the frequency 
divided output signal of the frequency divider 8. When 
the value of the phase difference information signal be- 
comes positive or negative, the frequency dividing con- 
troller 9 controls the frequency divider 8 so as to com- 
pensate the phase and then switches the frequency di- 
viding ratio corresponding to the average value. The f re- 
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quency dividing controller 9 restricts the operation of the 
frequency divider 8 so as to suppress the jitter of the 
output clock signal. In other words, the frequency divider 
8 has adjustment intervals (restriction intervals) so that 
the frequency divider operates at predetermined inter- s 
vals. 

Fig. 2 is a block diagram showing a structure of the 
frequency divider in the case that Freq/Fdiv is a non- 
integer. Fig. 4 is a flow chart of the operation performed 
by the frequency dividing controller 9. In this structure, 
the transmission clock signal synchronizes with the re- 
production clock signal. When Freq/Fdiv is an integer, 
in Fig. 4, t = 0 takes place. 

Next, the frequency dividing operation will be de- 
scribed. The restriction intervats for the frequency divid- 
ing ratio adjustment performed corresponding to the 
phase difference information signal is denoted by K 
symbols. After the frequency dividing ratio is adjusted 
corresponding to the preceding phase difference infor- 
mation signal, it is determined whether or not K symbols 
have elapsed. When K symbols or more have elapsed, 
the frequency dividing ratio is designated to n-p or n+q 
corresponding to the phase difference information sig- 
nal. When K symbols have not elapsed, the frequency 
dividing ratio is switched between n and n+1 at a switch- 
ing ratio of s to t. Thus, Fdiv is generated. Thereafter, 
Fdiv is divided with frequency dividing ratios i to j. Con- 
sequently, the reception clock signal and the transmis- 
sion clock signal that are less affected by jitter are gen- 
erated. In this case, preferable frequency dividing ratios 
are for example i = 8 and j = 8. 

Fig. 5 is a block diagram showing a practical struc- 
ture of a switching circuit of the frequency divider 8 and 
the frequency dividing controller 9 that perform the op- 
eration shown in Fig. 4. A timer 40 is used to generate 
the restriction intervals for the operation of the frequency 
divider 8. Namely, the timer 40 generates a frequency 
control signal of the frequency divider 8 that is switched 
between logic levels "1 * and "0" at intervals of K symbols 
of data. A timer 41 generates a control signal switched 
between logic levels T and "0" for switching between 
the frequency dividing ratios 1/n and 1/(n+1 ) at a switch- 
ing ratio of s to t. 

When the logic level of the output signal of the timer 
40 is "1 ", the signal level of an output signal of an AND 
gate 44 becomes T. Thus, the signal of the average 
value is output from an OR gate 48. 

When the logic level of the output signal of the timer 
40 is "0", the signal level of the output signal of an AND 
gate 47 becomes "1". Thus, the compensation of the 
phase is performed corresponding to the phase differ- 
ence signal. Consequently, a signal with a large fre- 
quency dividing ratio is output from the OR gate 48. In 
this case, when the phase of the frequency of the recep- 
tion clock signal has a delay against the phase of the 
frequency of the reproduction clock signal, the signal 
level of an AND gate 46 becomes "1 D and thereby the 
phase of the frequency of the output signal is adjusted 



by the phase adjuster 49 corresponding to the phase 
difference signal from the phase comparator 14. When 
the phase of the reception clock signal has an advance- 
ment against the phase of the reproduction clock signal, 
the signal level of an AND gate 45 becomes "1" and 
thereby the phase of the frequency of the output signal 
is adjusted by the phase adjuster 49 corresponding to 
the phase difference signal from the phase comparator 
14. 

The timer 40 may have a structure of which the sig- 
nal with the logic level "1 1 is continuously output so as 
to continue the frequency dividing operation of the av- 
erage value corresponding to the phase difference in- 
formation signal when the phase of the frequency divid- 
ed output signal is proper in a predetermined range. In 
this case, the timer 40 does not cause the phase to be 
compensated at the restriction intervals. 

According to this preferred embodiment of the 
present invention, the frequency divider 8 receives from 
the TCXO 7 a signal of which the frequency of a carrier 
wave received from a base station is automatically con- 
trolled. Thus, when the stability of both the carrier fre- 
quency of the transmission wave of the base station and 
the clock frequency of the base station is high, a fre- 
quency of the switching operation for the frequency di- 
viding ratios corresponding to the phase difference in- 
formation signal can be suppressed and thereby the jit- 
ter of the transmission clock can be reduced. 

Fig. 3 is a block diagram showing another structure 
of the frequency divider 8 in the case that Fref/Fdiv of 
the frequency divider is a non-integer. In this structure, 
the transmission clock signal does not synchronize with 
the reproduction clock signal. The same stability as the 
carrier wave of a base station is accomplished. In Fig. 
6, when Fref/Fdiv is an integer (= n), t = 0 takes place. 

Next, the operation shown in Fig. 3 will be de- 
scribed. As with the structure shown in Fig. 2, the recep- 
tion clock signal is generated according to the output 
signal of the frequency dividing controller 9 shown in 
Figs. 4 and 5. However, the transmission clock signal is 
generated according to an output signal of a frequency 
dividing controller shown in Fig. 6. In Fig. 6, the frequen- 
cy dividing ratio is switched between n and n+1 at a 
switching ratio of s to t. In this manner, Fdivl and Fdiv2 
are generated and divided by frequency dividing ratios 
i and j, respectively. Thus, the reception clock signal and 
the transmission clock signal are generated. 

Each feature disclosed in this specification (which 
term includes the claims) and/or shown in the drawings 
may be incorporated in the invention independently of 
other disclosed and/or illustrated features. 

The text of the abstract filed herewith is repeated 
here as part of the specification. 

The present invention relates to a radio communi- 
cation terminal station, comprising demodulating means 
for receiving a digital modulation signal and generating 
a reproduction carrier wave and a reproduction clock 
signal, an oscillator having a frequency control function, 
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an automatic frequency controlling means for controlling 
the frequency of an oscillation signal of the oscillator 
with reference to the reproduction carrier wave, a fre- 
quency divider for dividing the frequency of an output 
signal of the oscillator and outputting a reception clock 
signal and a transmission clock signal, a phase compa- 
rator for comparing the phase of the reception clock sig- 
nal that is the output signal of the frequency divider with 
the phase of the reproduction clock signal and output- 
ting a phase difference signal, and a frequency dividing 
controller for controlling the frequency dividing ratio of 
the frequency divider corresponding to the phase differ- 
ence signal. 



Claims 

1. A radio communication terminal station, compris- 
ing: 

demodulating means for receiving a digital 
modulation signal and generating a reproduc- 
tion carrier wave and a reproduction clock sig- 
nal; 

an oscillator having a frequency control func- 
tion; 

means for controlling the frequency of an oscil- 
lation signal of said oscillator with reference to 
the reproduction carrier wave; 
means for dividing the frequency of an output 
signal of said oscillator and outputting a recep- 
tion clock signal and a transmission clock sig- 
nal; 

means for comparing the phase of the recep- 
tion clock signal that is the output signal of said 
frequency dividing means with the phase of the 
reproduction clock signal and outputting a 
phase difference signal; and 
means for controlling the frequency dividing ra- 
tio of said frequency dividing means corre- 
sponding to the phase difference signal. 

2. A radio communication terminal station according 
to Claim 1 , further comprising: 

means for converting a reception signal modu- 
lated with a digital signal into an intermediate 
frequency signal or a base band signal, said de- 
modulating means receiving an output signal 
thereof; and 

a synthesizer for receiving an output signal of 
said oscillator and outputting a reference sig- 
nal; 

wherein said converting means is adapted for 
converting the reception signal into the inter- 
mediate frequency signal or the base band sig- 
nal corresponding to the output signal of said 
synthesizer. 



3. The radio communication terminal according to 
Claim 1 or Claim 2, wherein said frequency dividing 
means comprises: 

5 a first frequency divider portion for dividing the 

frequency of the output signal of said oscillator; 
a second frequency divider portion for compen- 
sating the phase of the reception clock signal; 
and 

10 a third frequency divider portion for dividing the 

frequencies of output signals of the first fre- 
quency divider portion and the second frequen- 
cy divider portion and outputting at least the re- 
ception clock signal, and 

is wherein said means for controlling the frequen- 

cy dividing ratio of said frequency dividing 
means is adapted for controlling the first fre- 
quency divider portion and the second frequen- 
cy divider portion corresponding to the phase 

20 difference signal. 

4. The radio communication terminal station accord- 
ing to Claim 3, 

25 wherein said frequency dividing means further 

comprises: 

a fourth frequency divider for dividing the fre- 
quency of the output signal of the first frequen- 
cy divider portion or the frequency of the output 
30 signal of said oscillator and outputting the 

transmission clock signal. 

5. The radio communication terminal station accord- 
ing to Claim 3 or Claim 4, 

35 

wherein the first frequency divider portion com- 
prises a plurality of frequency dividers with dif- 
ferent frequency dividing ratios, 
wherein said means for controlling the f requen- 

40 cy dividing ratio of said frequency dividing 

means is adapted for switching among the plu- 
rality of frequency divider portions, 
wherein the second frequency divider portion is 
composed of a plurality of frequency divider 

45 members with different frequency dividing ra- 

tios, and 

wherein said means for controlling the frequen- 
cy dividing ratio of said frequency dividing 
means is adapted for selecting one of the plu- 
50 rality of frequency divider members corre- 

sponding to the phase difference signal and ad- 
justing the phase. 

6. The radio communication terminal station accord- 
55 jng to any of Claims 2 to 5, further comprising: 

modulating means for receiving transmission 
data and modulating the transmission data with 
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the transmission clock signal; and 
means for converting the frequency of the out- 
put signal of said modulating means with the 
output signal of said synthesizer and outputting 
a resultant signal. 5 
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FREQUENCY DIVIDING 
RATIO n IS 
DESIGNATED. 




FREQUENCY DIVIDING 
RATIO n + 1 IS 
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